This study aimed to assess the effect of varicocelectomy and/or mast cells (MCs) stabilizer on sperm DNA fragmentation in infertile men with varicocele (Vx). Overall, 120 infertile patients were randomized to three equal treatment arms; patients that underwent varicocelectomy, patients on 1 mg ketotifen twice daily for three months, and patients that underwent varicocelectomy followed with 1 mg ketotifen twice daily for three months. These patients were subjected to history taking, clinical examination, semen analysis, and estimation of sperm DNA fragmentation index (DFI). After 3 months, all investigated groups showed significant improvement regarding the mean total sperm count, sperm concentration, total sperm motility, and sperm normal forms percentage compared with the pre-treatment data. As well, the mean sperm DFI was significantly improved compared with the pre-treatment data; in men that underwent varicocelectomy (34.6% vs. 28.3%), in men on MC stabilizer only (33.4% vs. 27.8%), and in men that underwent varicocelectomy followed by MC stabilizer (34.3% vs. 25.1%). Sperm DFI improvement percentages showed the highest improvement in men that underwent varicocelectomy followed with MC stabilizer compared with the other two groups (26.8% vs. 18.2%, 16.8%). Sperm DFI improvement percentages showed significant increases in the infertile patients with Vx grade III compared to Vx grade II in all investigated groups. It is concluded that in infertile men associated with Vx and high sperm DFI, surgical repair followed with MCs stabilizer significantly improve sperm DFI compared with either surgical repair or MCs stabilizer alone.
INTRODUCTION
Varicocoele (Vx) is defined as dilated tortuous veins of the pampiniform plexus in the spermatic cord (Baigorri & Dixon, 2016) . How Vx impairs male fertility is still debated, raising many factors such as, scrotal hyperthermia, retrograde flow of metabolites, Leydig cell dysfunction, hypoxia, impaired testicular artery perfusion, genetic/epigenetic changes, increased seminal oxidative stress, and apoptotic markers (Hassan et al., 2009; Zalata et al., 2011; Tawadrous et al., 2013; Santana et al., 2017) .
As well, Vx is considered to be one of the causes for increased sperm DNA fragmentation in infertile men (Saleh et al., 2003; Taha et al., 2014) . In turn, elevated levels of sperm DNA fragmentation have been significantly associated with a negative pregnancy outcome (Check et al., 2005) . In this framework, Zini et al. (2005) as well as Sadek et al. (2011) in their studies pointed out to the improvement in sperm DNA fragmentation after Vx surgical repair.
Mast cells (MCs) are a heterogeneous multifunctional cellular population that promotes release of inflammatory mediators and chemotactic factors that play a key role in inflammation, hypersensitivity, and fibrosis (Meineke et al., 2000; Chelombitko et al., 2016) . MCs are normally present in the human testis, the epididymis as well as the seminal fluid. The increase in testicular MCs in close contact to the seminiferous tubules raised a relationship between MCs proliferation and dysfunction of the blood-testis barrier (Haidl et al., 2011) . In addition, Yamanaka et al. (2000) showed that the average detectable number of MCs in the interstitium and lamina propria is significantly higher in men with Vx compared with controls. In this context, El-Karaksy et al. (2007) pointed out that MCs and their products may play a pivotal role in the pathogenesis of asthenozoospermia, proposing a goal for medical treatment of infertile men to pursue. Therefore, drugs that would block MCs mediator release were postulated to have a beneficial outcome on spermatogenesis.
Ketotifen (a tricyclic benzocycloheptatiophene) has a high affinity for blocking histamine (H1) receptors. Ketotifen is commonly used for prevention and treatment of allergic reactions of the respiratory system. It can also block the H1 receptors in the male reproductive tract which would prevent degradation of MCs and consequently reduce MC mediator release (Slater et al., 1999) . Roaiah et al. (2007) showed that the relation between ketotifen and inflammatory mediators might be useful in inhibiting inflammatory mediators' activities of MCs. Saharkhiz et al. (2013) demonstrated also that ketotifen can improve semen parameters in infertile men, including sperm count and sperm motility.
This study aimed to assess the effect of varicocelectomy and/ or MCs stabilizer treatment on sperm DNA fragmentation in infertile men with Vx.
MATERIALS AND METHODS
This prospective cohort study was carried out in University Hospital after IRB approval and informed consent. Power analysis was based on assuming that the minimal clinically important difference was 30% and the pooled within-group standard deviation (SD) was 15.4%. Omnibus one-way analysis of variance test was used with setting type I error probability at 0.05. Accordingly, the calculated power was >99%. Calculations were carried out using G*POWER software version 3.1.2 for MS WINDOWS (Franz Faul, Kiel University, Germany).
Overall, 120 infertile patients associated with Vx were included in this study. Inclusion criteria for the patients were stable relationship, Vx grades II & III, and normal female factor. Exclusion criteria were leucocytospermia, azoospermia, smoking, diabetics, hypertension, and patients with sperm DNA fragmentation index (DFI) <30%. These patients were randomized into three equal treatment arms; those that underwent microsurgical subinguinal varicocelectomy, patients on 1 mg oral ketotifen twice daily for 3 months, and patients that underwent varicocelectomy and post-operative oral MCs stabilizer for 3 months.
All patients were subjected to history taking, clinical examination, and semen analysis. Scrotal ultrasound was used to validate Vx, with at least one vein visualized with a diameter of ≥3 mm with a duration of blood regurge during Valsalva maneuver >1 sec. Scrotal ultrasound was carried out using an ultrasound system (Siemens Sonoline G50, Stony Point, NY, USA) equipped with vascular software for two-dimensional imaging, color and spectral Doppler, and a high-frequency vascular transducer. A linear array transducer with a minimum frequency of 10 MHz was used. Vx was classified into grade I (palpable only during Valsalva maneuver), grade II (palpable distension on standing upright), and grade III (visible through scrotal skin) (Chiou et al., 1997) . As well, side effects of ketotifen administration were recorded, if any.
Semen specimens were obtained by masturbation in a clean container after sexual abstinence for 4 days according to World Health Organization (2010)guidelines at the beginning of the study and at the end of the 3 months follow-up period by the same person (A.A).
Sperm chromatin dispersion (SCD) test was preformed with the Halosperm kit â (Halotech DNA, S.L. Madrid, Spain) by the same person (A.Z). Intact unfixed spermatozoa were immersed in an inert agarose microgel on pre-treated slide. The acid treatment denatures DNA in spermatazoa with fragmented DNA. The following lysing solution removes most of the nuclear protein, and in the absence of massive DNA breakage produces nucleoides with large halos of spreading DNA loops, emerging from a central core. The nucleoids from spermatazoa with fragmented DNA either do not show a dispersion halo or a minimal one. Bright field microscopy with Diff-Quik staining was used to assess the halos. A minimum of 500 sperms/sample were assessed according to the criteria of Fern andez et al. (2003) . Spermatazoa without DNA fragmentation were those with big and medium-sized halos whereas spermatazoa with fragmented DNA were those with small halos and without halos.
Statistical analysis
Statistical analysis was carried out in terms of mean and using computer program SPSS program release 21 (SPSS Inc., Chicago, IL, USA). Comparison between the study groups was carried out using paired sample t-test and odds ratios (ORs) with corresponding 95% confidence intervals (95% CIs). Pearson correlation was applied for relations between tested variables. p < 0.05 was considered statistically significant.
RESULTS
There was non-significant difference between the three investigated groups in term of age, BMI, or initial sperm DFI. Vx cases were of grade II in 45 men and grade III in 75 men. After 3 months, the mean total sperm count, sperm concentration, total sperm motility, sperm normal forms, and sperm DFI were significantly improved substantially in all groups (Table 1) . Sperm DFI improvement percentages showed significant increases in the patients that underwent varicocelectomy followed with MC stabilizer compared with those that underwent varicocelectomy or given MC stabilizer only (26.8% vs. 18.2%, 16.8% respectively) ( Table 2 ). As well, sperm DFI improvement percentages showed significant increases in the patients of Vx grade III compared with Vx grade II in all investigated groups (Table 3) . None of the men on ketotifen reported adverse events that were linked apparently to the treatment. 
DISCUSSION
The pathophysiology of Vx is multifactorial, and none of these factors can independently explain the exact mechanism(s) of impaired spermatogenesis in Vx-associated cases. Therefore, a combination of several factors is expected to affect spermatogenesis and sperm functions where the relative involvement of these factors is different in each patient (Peng et al., 1990; Shiraishi et al., 2009 Shiraishi et al., , 2012 Mostafa et al., 2016) .
In the current study, sperm DFI showed a significant pronounced improvement in the patients that underwent varicocelectomy followed with MC stabilizer compared with those that underwent varicocelectomy or given MC stabilizer only. In their study on 51 patients, Azadi et al. (2011) showed that ketotifen (1 mg bid) for 3 months after Vx repair has improved semen parameters and sperm DFI compared with controls of varicocelectomy cases alone (n = 52). In their study, there was no group of infertile men with Vx on MC stabilizer without surgical repair to judge the differences, if any. Lately, Mostafa et al. (2017) reported that in infertile patients with Vx (n = 45), there was an increased number of MCs in their semen that was significantly decreased after Vx repair.
Previously, Schill et al. (1986) treated 17 idiopathic oligozoospermic patients and 22 idiopathic asthenozoospermic patients by ketotifen 1 mg bid for 3 months with significant improvement of both sperm count and motility. In their study, Yamamoto et al. (1994) accomplished spermatozoa in the ejaculate of azoospermic patients after 3-month course of MCs stabilizer. Also, Yamamoto et al. (1995) showed significant improvement in sperm concentration, motility, and total motile sperm count after a month course of 300 mg/day of the MCs blocker (tranilast), in a placebo-controlled prospective randomized single-blind study on 50 cases. Similar effects were observed by Matsuki et al. (2000) after a course of the MCs blocker (ebastine) in 15 men with idiopathic oligozoospermia. Hibi et al. (2001 Hibi et al. ( , 2002 reported that tranilast has a clinical benefit in terms of improved semen parameters involving severe oligoasthenozoospermia, but it does not appear to afford clinical benefit in long-term administration. As well, Cincik & Sezen (2003) reported that sperm parameters were negatively affected by MCs. In another, yet, uncontrolled study on 55 men with leucocytospermia and unexplained infertility, Oliva & Multigner (2006) showed that a course of ketotifen has improved sperm motility after 4 weeks treatment with a significant increase in sperm normal morphology at 8 weeks of treatment, and these changes remained until at least 4 weeks after the end of treatment.
Therefore, improved semen parameters and sperm DFI with concomitant Vx repair and MCs stabilizer could be elucidated on the light of that both Vx and MCs are associated with increased oxidative stress. Several studies pointed out that degranulation of MCs is accompanied by generation of ROS and 148 Andrology, 2018, 6, 146-150 that ROS in itself may also play an important role in mast cell activation by divergent allergy-relevant environmental substances (Suzuki et al., 2005; Csordas & Hajnoczky, 2009; Chelombitko et al., 2016) . In this context, increased seminal oxidative stress in Vx-associated conditions was documented in many studies with significant decrease after Vx repair correlated with improved sperm parameters (Mostafa et al., 2001; Zini & Dohle, 2011; Amer et al., 2015) . Sperm DFI was significantly improved in Vx grade III cases compared with those of grade II. In this context, different studies pointed to the increased deleterious effects with increased Vx grade in infertile men (Vivas-Acevedo et al., 2010; Mostafa et al., 2012 Mostafa et al., , 2014 . As well, Cocuzza et al. (2012) pointed that as Vx grade increased, seminal ROS increases and sperm concentration decreases.
The limitations of this study are the relatively short followup period after Vx repair and lacking the pregnancy rate for each group, lack of a placebo group with recorded spontaneous pregnancies compared to the treatment groups. However, it could be concluded that MCs stabilizer in addition to Vx repair might be more useful than either Vx repair or MC stabilizer alone. Also, a course of MC stabilizers might be suggested to infertile men with Vx and high sperm DFI unwilling to undergo surgery.
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